Segregation analyses were performed using a Monte Carlo Markov Chain (MCMC) method implemented using Gibbs Sampling. A total of 8387 test-day milk records obtained from the Sicilo-Sarde dairy flock of the Tunisian National Institute of Agricultural Research (INRAT) were analysed. The major gene was assumed to be purely additive autosomal biallelic (A and B) locus with Mendelian transmission probabilities and priors used for the variance components were uniform. Based on 50 000 Gibbs samples from a chain of 520 000 cycles, the estimated marginal posterior means ± posterior standard deviations of variance components of test-day milk yield were 94. 82 ± 136.60, 1892.65 ± 1275.21, 5965.72 ± 1166.13 
INTRODUCTION
Dairy sheep have been traditionally reared in Mediterranean countries in a wide range of local production systems combined to a great genetic diversity (Boyazoglu and Flamant, 1990) . Most Mediterranean dairy sheep are dual purpose, with incomes originating from both meat and milk, with milk being processed into high quality cheese. The most frequent breeding strategy corresponds to the selection of the local breeds for milk yield and composition within their specific area and production system (Barillet, 1997) .
Applying marker assisted selection (MAS) or gene-assisted selection (GAS), either to speed up selection of routinely measured traits or to implement selection for traits costly to record, seems to be attractive in dairy sheep. Before implementing MAS, GAS or starting to search for quantitative trait loci (QTL), the identification of a major gene based on statistical segregation analyses using only phenotypic data would be more informative, cheaper, and more useful as compared to MAS or GAS.
Therefore, the existence of major genes has been investigated in several studies in livestock species: Janss et al. (1995) for various traits of Dutch Meishan crossbreds, Ilahi (1999) and Ilahi et al. (2000) for milking speed in dairy goats, Pan et al. (2001) for somatic cell scores in dairy cattle, Hagger et al. (2004) for selection response in laying hens, Ilahi and Kadarmideen (2004) for milk flow in dairy cattle, Ilahi and Othmane (2011) for total milk yield in dairy sheep.
Marker-free segregation analysis is the most powerful statistical method to identify major gene using only phenotypic data and without DNA marker information (e.g., Guo and Thompson, 1992; Janss et al., 1995 Janss et al., , 1997 . Inbreeding and marriage loops in a typical segregation analysis using pedigreed populations make the exact computations of likelihoods or marginal densities impossible. This problem has been overcome by the development of Bayesian method implemented via Gibbs sampling, a Monte Carlo Markov chain (MCMC) methodology (Guo and Thompson, 1992) and the application of this methodology to livestock populations: Sorensen et al. (1994) , Janss et al. (1997) , Hagger et al. (2004) , Ilahi and Kadarmideen (2004) and Ilahi and Othmane (2011) .
The objectives of this study were: 1. to investigate whether a segregating major gene influences the test-day milk yield, and 2. to estimate the genetic parameters of test-day milk yield in Tunisian Sicilo-Sarde dairy sheep using Bayesian segregation analysis methodology.
MATERIAL AND METHODS

Data
The analysed data contained 8387 test-day milk records (with mean ± standard deviation: 553.5 g ± 189.2) from 303 ewes and were obtained from the Sicilo-Sarde dairy flock of the Tunisian National Institute of Agricultural Research (INRAT), between December 1989 and June 2002. For experimental purposes according to the institute policy in milk recording, all ewes were on the twice-a-day twice monthly recording plan of testing, with the first test-day beginning at week 7 postpartum and the subsequent records obtained at two-weekly intervals thereafter. All ewes were milked twice a day at 08.00 and 16.00. The mean number of test days per lactation was 9.3, and each ewe averaged 2.9 lactations. The total number of sheep in pedigree was 452, of which 363 were ewes and 89 were rams. All rams were used for natural service under good pedigree control (three generations). The numbers of levels of all effects included in the model are given in Table 1 . 
Statistical model for segregation analysis
To detect the existence of major genes for test-day milk yield in Sicilo-Sarde dairy sheep, the following mixed inheritance model was applied: y = Xβ + Zu + Qpe + ZWm + e where: y -the vector of test-day milk records; β -the vector of fixed effects including: stage of lactation, parity, lambing type (single and multiple), and testdate; u -the vector of random additive polygenic effects; pe -the vector of random permanent environmental effects; m -the vector of genotype means (i.e. a, 0, -a); e -the vector of random residual effects; X (8387, 135) , Z (8387, 452) and Q (8387, 303) are incidence matrices relating the effects to their respective observations; and W (452, 3) -a matrix that contains the genotype of each individual (i.e. AA, Aa, aa). W and m are unknown and have to be estimated from data by using segregation analysis.
The major gene was modelled as an additive autosomal biallelic locus (A and a) with Mendelian transmission probabilities. The allele A is defined to increase the phenotypic value (favourable allele), and allele a is defined to decrease the phenotypic value. With these two alleles A and a, with frequencies p and q = 1 − p, where p is the estimate of A allele frequency in the founder population in which the Hardy-Weinberg equilibrium was assumed, three genotypes AA, Aa and aa can be encountered, with genotype means m = (a, 0, -a), where a is the additive major gene effect.
Distributional assumptions for random effects were: 
Uniform prior distributions were assumed in the range (−∞, +∞) for nongenetic effects and effects at the major locus, in the range (0, +∞) for variance components, and in the range (0, 1) for allele frequencies (Janss et al., 1995) . Gibbs sampling algorithm with blocked sampling of genotypes W was used for inference in the mixed inheritance model and implemented using the 'iBay' software package version 1.46 developed by Janss (2008) . A single run of the Monte Carlo Markov Chain (MCMC) consisted of 520 000 samples, with the first 20 000 samples used for burn-in period to allow the Gibbs chains to reach equilibrium. Thereafter each 10 th sample was collected to obtain 50 000 samples in total. Marginal posterior densities of the following parameters were directly estimated in each Gibbs cycle from the mixed general model: variance components 2 u , 2 pe , 2 e and 2 G additive effect at the major gene a, allele frequency p, and the Mendelian transmission probabilities. The heritabilities and repeatabilities were calculated, using polygenic and single locus variance component estimates (Janss, 2008) Results from segregation analyses of test-day milk yield, using mixed inheritance model to infer polygenic effects and effect of single major gene, are given in Tables 3 and 4 . These Tables showed the estimates of posterior means and standard deviations of marginal distributions of all fitted parameters in the model. These estimates are based on 50 000 Gibbs samples. Posterior marginal distributions of all variance components of test-day milk yield are shown in Figure 1 . According to Box and Tiao (1973) , the highest posterior density regions (HPDRs), based on a non-parametric density estimate, using the averaged shifted histogram technique (Scott, 1992) , were obtained for all model parameters. These highest regions were constructed to include the smallest possible region of each sampled parameter value. In our analyses, the highest posterior density regions at 95% (HPDs 95% ) of the additive gene effect (a) and the variance at the major locus ( 2 G ) included zero (Table 3 ). The allele frequencies in the analysed population were intermediate (p=0.54 and q = 1 -p = 0.46). The polygenic variance of test-day milk yield ( 2 u = 1892.65 ± 1275.21) was significantly higher than the major gene variance ( 2 e = 94.82 ± 136.60). Janss et al. (1997) and Miyake et al. (1999) suggested the use of the magnitude of the major gene variances as an indicator for the existence of major gene segregation. Following Elston (1980) , the evidence of a significant segregating major gene in quantitative trait requires three conditions: statistical significance of the major gene component in the model, statistical differences among the transmission probabilities and these transmission probabilities are significantly different from an environmental model.
In order to check the statistical significance of the major gene component in the model Janss (1998) proposed, to check the 95% highest posterior density region (HPDR 95% ) of the postulated major gene variance: if the HPDR 95% doses not include zero (the postulated major gene is statistically significant) or includes zero (not significant).
The Mendelian transmission (probabilities 1, 1/2, and 0) was tested by checking if the highest posterior density regions at 95% (HPDRs 95% ) were overlapped or not. Mendelian transmission probabilities for the 3 genotypes were estimated (Table 4) as suggested by Elston and Stewart (1971) . These probabilities were parameterised to indicate the Mendelian transmission of the favourable allele, with probabilities of A allele transmission of 1, 1/2, and 0 for genotypes AA, Aa, and aa, respectively. Table 4 showed that the three estimated posterior means of Mendelian transmission probabilities were not significantly different, and as well, their highest posterior density regions at 95% (HPDRs 95% ) for the three genotypes were overlapped.
Furthermore, the density of marginal posterior distribution for the major gene variance (Figure 1 ) was unimodal marginal density with mode = 0, suggested the absence of a major gene for the analysed trait (Janss et al., 1995; Pan et al., 2001) .
Based on these results obtained from Bayesian segregation analysis using only phenotypic data sets, we can conclude that the postulated major gene was not significant and the inheritance of test-day milk yield in Sicilo-Sarde dairy sheep is purely polygenic. The estimates of heritability and repeatability are consistent across models (polygenic and mixed models; Tables 2 and 3 ). This finding confirmed again that the postulated major gene is not significant on test-day milk yield in Sicilo-Sarde dairy sheep.
The heritability estimated in the present study for test-day milk yield trait (h 2 =0.07) is on the lower limit of those reported by Gutierrez et al. (2007) in Assaf breed and Serrano et al. (2003) in Manchega ewes and Othmane et al. (2002a) in Churra breed. This low heritability for test-day milk yield in Sicilo-Sarde dairy sheep in comparison with others dairy breeds could be explained by the existence of selection and breeding programmes well established and more advanced in European breeds and their high level of milk production (Othmane et al., 2002b) .
Repeatability estimated for milk yield ( r = 0.32) was consistent with those reported for the same breed (Othmane, 2004) and other dairy ewes (Gutierrez et al. (2007) in Assaf breed, Baro et al. (1994) and Othmane et al. (2002a) in Churra breed. This estimate, together with the low heritability value, suggested that milk yield in the studied flock is more influenced by some permanent environmental factors rather than by genetic effects; perhaps because of a lack in genetic connection with other flocks of the same breed (Othmane, 2004) .
CONCLUSIONS
This study was the first attempt on this topic in Tunisian Sicilo-Sarde dairy sheep. Test day milk yield had low heritability and a repeatability value within the range of those reported for other dairy sheep breeds. No existence of a major gene was observed and the mode of inheritance for test day milk yield in Sicilo-Sarde breed is then polygenic. However, more research using both molecular information and a more consistent phenotypic data set would be useful to investigate the evidence of segregating major genes affecting milk yield in such a breed, since segregation analysis using molecular information is more powerful.
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